Butt (2) reported isolating pathogenic amoebae from a lake in the Orlando area that was considered the source of PAM infection in two cases. Although intracerebral inoculation of these amoebae into mature white Swiss mice resulted in death, overt infections after intranasal instillation failed to occur. Thus, it is unclear whether these isolates were pathogenic Naegleria or strains of Acanthamoeba.
The presence ofpathogenic Naegleria amoeba in four freshwater lakes in Florida was indicated by epidemiological data accrued on five of the seven fatal primary amoebic meningoencephalitis (PAM) cases that occurred in the state since 1962 (2, 3, 5) . These five cases associated with freshwater lake swimmuing had all occurred in the Orlando area.
Butt (2) reported isolating pathogenic amoebae from a lake in the Orlando area that was considered the source of PAM infection in two cases. Although intracerebral inoculation of these amoebae into mature white Swiss mice resulted in death, overt infections after intranasal instillation failed to occur. Thus, it is unclear whether these isolates were pathogenic Naegleria or strains of Acanthamoeba.
In an attempt to study the role of lake waterborne pathogenic Naegleria in PAM infections in Florida, a study was initiated in January 1975. The first priority was to determine the distribution of the agent in Florida lakes. Results of this facet of the study are reported here.
MATERIALS AND METHODS
Sampling sites. A thermally polluted lake receiving cooling waters from an electric power generating plant and two freshwater lakes in the Orlando area were sampled initially. The former was selected since isolations of pathogenic Naegleria from thermally polluted waters had been reported initially from Belgium (6) . The latter were chosen because they were suspected as sites of exposure for PAM cases. As the study progressed, additional lakes throughout Florida were randomly selected for study.
Sample collection. Large quantities, 50 to 100 gallons (189.3 to 378.5 liters), of lake water were filtered on site through a sand column 1.5 inches (38.1 mm) in diameter and 2 feet (60 cm) long containing approximately 600 ml of Ottawa silica sand. The flow rate was approximately 1 gallon/mn. One-to twoliter samples were also obtained in sterile glass jars from several sites. These were returned to the laboratory within 4 h and processed by passage through 5-,um membrane filters (Millipore Corp., Bedford, Mass.). Water samples were obtained approximately 5 feet (1.5 m) from the shoreline in relatively shallow water, i.e., 3 to 5 feet (0.9 to 1.5 m).
The water depth in which lake bottom samples were taken dictated the collection technique used. In shallow waters, from 0.2 to 1 foot (63.5 to 304.8 mm), a small can was used to scoop up bottom sand. Water was decanted, and the remaining sediments were placed into a resealable plastic bag for transport to the laboratory. In water depths from 4 to 8 feet (1.2 to 2.4 m), a core sample was obtained. A polyvinylchloride tube, approximately 10 feet (3 m) long with a 2.5-inch (63 mm) internal diameter, was forced approximately 10 to 12 inches (254 to 305 mm) into the lake bottom; the top was sealed with a cork; and the pipe was removed from the water. There was always some loss of the core on withdrawal, but the upper 6 to 7 inches (152.4 to 177.8 mm) of the core was retained in the pipe. The core was allowed to drain from the tube into a resealable plastic bag, and the water column was discarded.
In water depths greater than 8 (1) , and animals were sacrificed at 8 weeks when optimal titers were obtained.
The 43-9 strain was grown axenically in inorganic solution supplemented with heat-killed E. aerogenes as described below. Antigen for immunization was prepared and inoculated as described for the pathogenic strain, but animals were bled out at 6 weeks. These sera were absorbed with heat-killed E. aerogenes to remove antibodies produced against bacterial antigens present in the vaccine before being used in the indirect fluorescent-antibody test.
Preparation of absorbed sera. Equal volumes of axenically grown GJ strain amoebae, heat-killed E. aerogenes, and 43-9 hyperimmune sera were mixed and permitted to react at 37'C for 2 h. Particulates were removed by centrifugation at 1,100 x g for 10 min. The absorbed serum was ampouled and stored at -20°C until used.
Absorbed GJ antiserum was prepared by mixing equal volumes of axenically cultured 43-9 strain amoeba and GJ hyperimmune rabbit serum. Treatment and storage were the same as described above. Half of the suspension was placed in a water bath at 85°C for 20 min to heat kill any surviving bacteria and, thus, avoid contamination of the growth medium used for culturing the amoebae. This preparation was designated bacterial homogenate (BH). The remainder of the initial suspension was centrifuged at 17,000 x g for 20 min, followed by filtration through a Swinny filter (0.45-,m membrane), and was designated cellfree lysate (CFL). Increments of these preparations were added to Chang CSYEC medium, Page malt-yeast extract-amoeba saline medium (8) Mouse inoculation. Many isolates that were tentatively identified as pathogenic Naegleria, based on IFA tests and growth in CSYEC medium, were made from a single-field sample. Not all isolates were tested for mouse pathogenicity by intranasal instillation, but at least one isolate from each positive sample was tested. These strains were either grown out on IA plates in the presence of E. aerogenes or in CSYEC medium. Amoebae growing on the former were removed from the plate by washing with PBS, and a suspension was prepared containing approximately 0.5
x 10" to 1.0 x 10" amoebae. Those grown in the CSYEC medium were pelleted by centrifugation, and a comparable suspension was made. Three-to 4-weekold white Swiss mice were inoculated by intranasal instillation of 0.02 ml of the amoeba suspension. Mice were examined daily for evidence of infection. At death, brains were harvested, and wet-mount smears were examined under the microscope for confirmation of fatal amoebic infections. In some instances, internal organs were also harvested for isolation attempts.
RESULTS
The initial pathogenic isolate obtained in this study was Temperature fluctuations of thermally polluted lake water were rapid and extensive during the examination months, depending on the quantity of heated water being discharged. Therefore, readings shown in Fig. 1 may not accurately reflect the average water temperature during the month. However, in freshwater lakes, a more uniform temperature curve rather accurately reflected ambient temperatures. In August, when 43 positive samples were obtained from these lakes, water temperature in one of them reached 34.5°C, only 1.5°C less than the peak temperature recorded for thermally polluted lake water. 1 ,000 feet (305 m) away from lake B, which yielded the largest number of positive specimens. Although fewer samples were obtained from lake S than from the others, the quantity of lake water tested was greater than that from lake B, as shown in Table 2 . On the average, 24 liters of lake B water yielded a pathogenic Naegleria isolate, whereas 5,686.6 liters from the thermally polluted lake was required. Lake bottom samples were much more productive in that an average of 0.4 liter from lake B yielded a pathogenic Naegleria, whereas 2.1 liters from lake H was required.
When six additional lakes in Orange County yielded pathogenic Naegleria isolates, it became evident that lakes in other contiguous and more distant counties would need to be tested to evaluate the ecological role of thermally polluted water as related to pathogenic Naegleria. Twenty-six lakes in 14 counties were sampled only once. A shallow water and lake bottom sample were obtained on the same day. Figure  2 shows the number of lakes positive over the number tested and the counties in which they were located. Three of the lakes yielded pathogenic Naegleria isolates from bottom samples only; five yielded isolates from water only; and for four, both water and bottom samples were positive, giving an overall positivity of 41% (12/26). Lakes in the Panhandle counties of Gadsden and Leon were sampled in September when ambient temperatures in that area of the state had begun to drop. Therefore, negative findings were not unexpected. Axenic culture of 43-9 strain. Chang CSYEC medium supports only meager growth of the nonpathogenic seropositive 43-9 strain Naegleria. Howeyer, with the addition (per milliliter) of 0.05 ml of supplement of either the CFL or BH, lush growth comparable to that of the pathogenic straininunsupplemented CSYEC medium was obtained. As can be seen in Table  3 , there was a direct relationship between growth of the 43-9 strain and the amount of either BH or CFL added, regardless of the medium used. However, there was limited growth in CSYEC medium in the absence of supplements, but no growth occurred in the two unsupplemented media.
IFA studies. The IFA technique readily differentiated between Naegleria gruberi and the pathogenic Naegleria when antiserum prepared against the latter strain was used. The heterologous titer was 1:20 or 1:40, whereas homologous titers were 1:640 or 1:1,280, depending on the antiserum lot used. Less differentiation was noted between the pathogenic strain and its antigenically related nonpathogenic strain. The latter fluoresced less brightly, and the titer was always one dilution less than the homologous system. 25 ml of water tested. Therefore, factors other than the presence of pathogenic Naegleria in lake waters must be responsible for infections. Perhaps specific host factors, a critical dose, and/or physical activities at the time of exposure may be the sine qua non of PAM infections. Lake S, which has remained free of pathogenic Naegleria since this study was initiated, may eventually provide the clue to why some freshwater lak-es and not others support populations of this amoeba. The constantly negative results from lake S in view of its proximity to lake B, which has been routinely positive, is difficult to explain. Studies are currently under way to define the chemical characteristics and the microflora and fauna of these two geographically, closely related lakes in an effort to elucidate the reasons.
There is little doubt that pathogenic Naegleria survive the winter in lake bottom sediments. Early in this study all samples were obtained from shallow areas, which would account for the paucity of positive samples during the first 6 months of the year. However, when negative results began to appear in late October, samples were obtained from lake bottoms in deeper water, which reversed the negative trend. Our ongoing studies have shown that in February 1977, when lake water temperatures reached 120C, isolates were obtained from lake bottom samples in water depths up to 28 feet (8.5 m).
Plaques developing from the lake bottom samples when water temperatures were below 24°C appeared much later than when temperatures were higher. It is assumed from this that few if any trophozoites were present in the sample and that overwintering is facilitated by encystment. The more stable temperatures afforded by biologically active lake bottom sediments in deeper waters also play a role in overwintering. Preliminary laboratory data indicate that over 50% of cysts survive for 35 days when temperatures are held at 22 or 40C, whereas only 16% survived when they were held at 22°C for 8 h and then at 40C for 16 h over the same time period (unpublished data).
Due to the methodology used in collecting bottom samples, the actual site of cyst survival is not known, i.e., at the water/soil interface or buried in the sand. Since all isolations from core samples were made from the upper 3 inches (7.62 cm), the site of survival appears to be in
